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ABSTRACT

Cortisol-activated glucocorticoid receptors modulate
cellular responses to stress by translocating from the
cytosol to the nucleus and enhancing or repressing the
transcription of target genes. The functional capacity
of mononuclear leukocytes is inhibited in parturient
dairy cows at a time when blood cortisol concentrations
are high. Because the glucocorticoid receptor is autoreg-
ulatory in many cell types, the hypothesis of the current
study was that glucocorticoid receptor expression by
mononuclear leukocytes is altered around parturition
in association with elevated blood cortisol. If true, the
glucocorticoid receptor could be involved in suppressed
functions of mononuclear leukocytes in parturient cows.
The objectives of this study were to determine effects of
parturition on lymphocyte and monocyte glucocorticoid
receptor expression and to correlate expression with
serum cortisol concentrations. Objectives were
achieved by using fluorescence staining and flow cyto-
metric analyses to monitor glucocorticoid receptors in
peripheral blood mononuclear leukocytes collected mul-
tiple times from 13 periparturtient test cows (eight
multi- and five primiparous) and 10 midgestation con-
trol cows (five multi- and five primiparous). Serum corti-
sol concentrations were determined by radioimmunoas-
say. Based on intensity of the fluorescent glucocorticoid
receptor stain, parturition caused 42 and 47% reduc-
tions in lymphocyte and monocyte glucocorticoid recep-
tor expression, respectively, compared with mean ex-
pression in corresponding cells from control cows. When
mean prepartum values were compared with nadir val-
ues at parturition in the test cows, glucocorticoid recep-
tor expression was reduced by 67% in lymphocytes and
by 54% in monocytes. Mononuclear cell expression of
glucocorticoid receptors was negatively correlated with
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serum cortisol concentrations. Results suggest that glu-
cocorticoid receptors are down-regulated in bovine mo-
nonuclear leukocytes in association with increased ad-
renal secretion of cortisol at calving. It is possible that
glucocorticoid receptor down-regulation is also associ-
ated with altered phenotype or function (or both) of
lymphocytes and monocytes. This possibility should be
substantiated because it could explain increased dis-
ease susceptibility in periparturient dairy cows.
(Key words: glucocorticoid receptor, leukocytes, peri-
parturition, cattle)

Abbreviation key: FITC = fluorescein isothiocyanate,
GC = glucocorticoid hormones, GR = glucocorticoid re-
ceptor, LSM = least squares means, MFI = mean fluo-
rescence density, PE = phycoerythrin, RIA = radioim-
munoassay.

INTRODUCTION

Dairy cows are susceptible to immunosuppression
and mastitis during the peripartum period, a time when
blood concentrations of the stress hormone cortisol are
high (13, 15, 39). Cortisol is an endogenous glucocorti-
coid (GC) that delivers its hormonal message to cells
via cytoplasmic glucocorticoid receptors (GR). When
bound to GC, GR become activated, translocate into the
nucleus, bind to regulatory regions in DNA of glucocor-
ticoid responsive genes, and repress or enhance expres-
sion of those genes (1, 2, 8, 25, 26). Therefore, glucocorti-
coids are critical contributors to altered phenotypes and
functions of target cells during stress.

Recent research from our laboratory demonstrated
that GR expression is down-regulated in blood neutro-
phils of periparturient dairy cows in conjunction with
elevated blood cortisol concentrations (30). Homologous
GR down-regulation has been well documented in a
variety of GC responsive systems (2, 26) and presum-
ably provides a short-loop feedback mechanism to pro-
tect cells against prolonged exposure to GC (8). Along
with homologous GR down-regulation, GC responsive
systems also alter expression of other GC responsive
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genes when GR is activated, thus changing the pheno-
type and function of the target cells. Down-regulation
of the CD62L adhesion molecule is an example of a
phenotypic change in response to GC that has been
documented in blood neutrophils from both peripartur-
ient dairy cows (19) and dairy cattle injected with the
potent synthetic GC, dexamethasone (5). Glucocorti-
coid-induced CD62L down-regulation is associated with
dysfunctional neutrophil trafficking that results in neu-
trophilia and increased mastitis susceptibility (3). In-
deed, mastitis susceptibility and neutrophil dysfunc-
tions related to altered trafficking of these leukocytes
are well documented for both periparturient and dexa-
methasone-treated dairy cows (6, 16, 21, 23, 28, 32,
43). Therefore, GR is strongly implicated in neutrophil
dysfunctions and mastitis susceptibility of GC-chal-
lenged dairy cows.

Mononuclear leukocyte phenotypes and functions of
periparturient cows (9, 17, 18, 22, 40) and dexametha-
sone-treated cattle (4, 24, 33) are also altered. For exam-
ple, when leukocytes are collected from cows with ele-
vated blood GC, mononuclear cell expression of MHC
I and II antigens is down-regulated. Also, trafficking
patterns of monocytes and γδ T cells are altered in vivo,
and in vitro proliferation, cytokine, and antibody pro-
duction in response to mitogens and antigens are inhib-
ited. Each of these cellular phenotypic changes may
jeopardize adaptive immunity and suggest that GR
could be involved in suppressed immunity and disease
susceptibility of GC-challenged cows.

The hypothesis of the present study was that parturi-
tion affects bovine mononuclear leukocyte expression
of GR and that this is associated with elevated blood
cortisol concentrations at calving. The objectives were
to monitor GR expression in mononuclear cells through-
out the peripartum period and to correlate GR expres-
sion with blood cortisol concentration and circulating
numbers of lymphocytes and monocytes. Given that
homologous down-regulation of GR is caused by GR
activation, demonstration of altered GR expression in
mononuclear cells in association with elevated blood
cortisol levels would circumstantially link GR activa-
tion with immunosuppression in periparturient dairy
cows.

MATERIALS AND METHODS

Cows and Blood Collections

Eight multiparous and five primiparous Holstein
cows were used as periparturient test animals, and five
multiparous and five primiparous midgestation Hol-
steins as nonperiparturient control animals. All ani-
mals were housed at the Michigan State University
(MSU) Dairy Teaching and Research facility and were
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managed by the facility’s herdsmen. Use of animals for
this study was approved by the MSU All University
Committee for Animal Use and Care.

Blood samples for flow cytometric analysis of lympho-
cyte and monocyte GR expression and leukocyte count-
ing were collected by tail venipuncture into Vacutainer
blood collection tubes containing 1.0 ml of acid citrate
dextrose anticoagulant (Becton Dickinson Immunocy-
tometry Systems, Mansfield, MA) with 20 g 2.5-cm
multisample needles. Samples for serum harvesting
(cortisol assay) were collected into Vacutainer tubes
that contained no anticoagulant.

The original schedule for blood collections from peri-
parturient test cows included 11 samples relative to
expected calving dates, on d –28, –21, –14, –7, h 0, 12,
24, 20, 48, and d 7 and 14. Pre- and postpartum daily
samples were collected at 0800 h, while the intense
sampling around calving occurred at precise hours rela-
tive to the 0-h (calving) sample. Although five cows
calved precisely on schedule, the remaining eight calved
earlier than expected. In these cases, prepartum days
relative to calving were assigned retrospectively and
labeled according to closest day (–21 or –14 d) in the
original sampling schedule. In the end, we had data for
all 13 test cows from –14 d on, and we had data for seven
test cows for –21 d and five cows for –28 d. Therefore,
peripartum data more accurately reflected week rela-
tive to calving for these cows. Calving dates were also
staggered over a 2-mo period (October to December,
1997); multiparous cows calved first, followed by pri-
miparous cows. To insure that adequate control sam-
ples were obtained to account for parity and season
effects and for assay errors over time, blood samples
were collected from at least one parity-matched control
cow every time a test animal was sampled. Therefore,
there were more total observations for control cows (n =
141) than for test cows (n = 129) in any data set of
this study.

Leukocyte Counting and Standardization
of Cell Numbers for GR Staining

Total leukocytes were counted to standardize the
number of cells added per well of 96-well U-bottom
microtiter plates for fluorescent GR staining, and for
subsequent use in determining mononuclear leukocyte
counts. Red blood cells from 5 ml of whole blood were
lysed for 1.5 min by using 10 ml of cold hypotonic lysing
solution (10.56 mM Na2HPO4, 2.67 mM NaH2PO4, pH
7.3). This procedure was followed by the addition of
20 ml of cold hypertonic restoring solution (10.56 mM
Na2HPO4, 2.67 mM NaH2PO4, 0.43 M NaCl, pH 7.3).
Remaining leukocytes were centrifuged at 1000 × g for
5 min at 22°C, and the supernatants were aspirated.
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The cell pellet was washed twice in 2 ml of cold PBS
and centrifuged at 800 × g for 5 min at 22°C. Leukocytes
were suspended in 5 ml of PBS, counted on a hemacy-
tometer, adjusted to 5 × 106 cells per well, and subjected
to fluorescent staining.

Fluorescent Staining of Mononuclear Leukocyte GR

Prepared leukocytes were differentiated by plasma
membrane expression of CD45, and GR was monitored
in CD45-differentiated mononuclear leukocytes follow-
ing fluorescent labeling. The CD45 is a signal transduc-
tion molecule that is required for lymphocyte activation
(42). It is a transmembrane protein that has different
expression levels in various leukocyte populations
(highest on lymphocytes, intermediate on monocytes,
and lowest on neutrophils) and, therefore, is used as
a leukocyte differential in fluorescence activated flow
cytometry (41, 42). In the present study, leukocyte
CD45 was immunolabeled with a primary antibody
(clone CACTB51A, IgG2a; VMRD, Pullman, WA) and
visualized with a phycoerythrin (PE)-conjugated anti-
IgG2a secondary antibody (M32204; Caltag Labora-
tories, Burlingame, CA). Therefore, lymphocytes were
differentiated from monocytes in this study by the de-
gree of PE fluorescence intensity. Labeled dexametha-
sone is commonly used to identify GR in target cells
(12, 34) because of its specificity and high affinity for
GR. Fluorescein isothiocyanate (FITC)-conjugated dex-
amethasone (Molecular Probes, Eugene, OR) was used
at 1 × 10–5 M in the current study because this concen-
tration saturated the GR of 5 × 106 cells per well in
preliminary studies (data not shown). Specificity of GR
labeling was demonstrated when 100- and 500-fold mo-
lar excesses of the glucocorticoid antagonists, progester-
one and RU486 (both from Sigma Chemical Co., St.
Louis, MO) successfully competed with FITC-dexa-
methasone in this assay (not shown). The dual-color
CD45/GR staining protocol was described in detail by
Preisler et al. (30).

Flow Cytometric Acquisition of Mononuclear
Leukocyte GR Expression Data

A FACSCalibur fluorescence activated flow cytometer
and the acquisition package of CellQuest software (both
from Becton Dickinson Immunocytometry Systems)
were utilized to acquire lymphocyte and monocyte GR
expression data. First, unstained cells were used to
check and adjust the forward scatter (FSC = size) and
side scatter (SSC = granularity) characteristics of leu-
kocytes in FSC-SSC density plots (Figure la). Next,
single-color stained cells were used to set FL-1 (FITC)
and FL-2 (PE) detectors and compensation for the two-
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color analyses. The FL-1, FL-2, and compensation set-
tings were not altered during the actual trial. The FITC
and PE negative control cells were used to set back-
ground fluorescence. Finally, data from the dual-la-
beled cells were collected as the lymphocyte and mono-
cyte GR expression data sets used for subsequent hy-
pothesis testing. Data from 5000 leukocytes per sample
per cow were acquired.

Flow Cytometric Analysis of Mononuclear
Leukocyte GR Expression Data

The analysis package of CellQuest software (Becton
Dickinson) was used to determine lymphocyte and
monocyte GR expression, which was recorded as FITC
mean fluorescence intensity (MFI) of CD45-differenti-
ated leukocytes. Mononuclear leukocytes were differen-
tiated into lymphocytes and monocytes with both their
granularity and CD45 staining characteristics (Figure
1b). Glucocorticoid receptor expression was then as-
sessed from FITC fluorescence histograms of the differ-
entiated leukocytes (Figure 1c). Periparturient changes
in mononuclear GR expression were observed as shifts
in MFI along the X-axis FITC histograms over time, as
is demonstrated in Figure 2 for changes in lymphocyte
GR expression around calving for one representative
test cow. Therefore, lymphocyte and monocyte FITC
MFI values were the data sets used to assess effects of
parturition on GR expression (see below).

Leukocyte Counts

Lymphocyte and monocyte counts (number of cells
per ml of blood) were determined by multiplying total
leukocyte counts (number of leukocytes per ml of PBS;
determined by hemacytometer) by the percentage of
CD45-differentiated lymphocytes and monocytes in a
sample (determined by flow cytometry).

Blood Cortisol Concentrations

Cortisol concentrations were determined by radioim-
munoassay (RIA) by using a commercial Coat-A-Count
Cortisol Determination Kit (Diagnostics Products
Corp., Los Angeles, CA). Sera were harvested from each
blood sample following blood clotting and centrifuga-
tion of tubes at 1000 × g and were stored at –20°C until
use in the RIA. All sera were assayed in duplicate on
1 d and data were recorded as counts per minute with
a Gamma Trac 1290 (TM Analytic, Elk Grove, IL). The
counts per minute were then converted to micrograms
of cortisol per deciliter of serum (µg/dl) based on a stan-
dard curve of counts per minute by concentration. The
RIA intraassay coefficient of variation was 0.65%.
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Statistical Analyses

The SAS PROC MIXED was used to analyze data
sets by mixed model analysis (36). The mixed model
applied to all data sets included a random cow effect

Figure 1. Leukocyte differentials were performed by flow cytometry with a combination of cellular granularity and size (a), and cellular
granularity and CD45 staining intensity (b). Leukocytes that gated within regions 1 + 3 were identified as lymphocytes, within regions 2
+ 4 as monocytes, and within regions 2 + 5 as neutrophils. Mean fluorescein isothiocyanate (FITC) staining intensity of doubly gated
lymphocytes and monocytes were used to determine glucocorticoid receptor (GR) expression (c), which was recorded as the geometric mean
channel fluorescence (or mean fluorescence intensity, MFI) of each histogram peak. Representative FITC histograms for one control animal
show that circulating lymphocytes (MFI = 35.60) express approximately half as much GR as monocytes (MFI = 73.09).
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and fixed effects of parity, time (relative to calving),
treatment group (control vs. test), calendar week of
sampling (accounted for seasonal and assay variation
over time), and a fixed time-by-parity interaction, as
described in detail by Preisler et al. (30). Because of



PREISLER ET AL.42

Figure 2. Parturition-induced glucocorticoid receptor (GR) down-
regulation was determined by shifts in the geometric mean channel
fluorescence (MFI) or fluorescein isothiocyanate (FITC)-dexametha-
sone-stained mononuclear leukocytes. Representative FITC histo-
grams (open peaks) for lymphocytes of one test animal are shown for
the following sample times: 21 d precalving (–21 d), calving (0 h), 24 h
postcalving (24 h), and 7 d postcalving (7 d). Background fluorescence
(negative control) is shown in the solid histogram.

the design of the study, other two-way interactions were
confounded and were not included in the model. Upon
initial examination of the distribution of GR expression
data sets, log transformations were applied to MFI val-
ues. Cortisol and leukocyte count data sets were ana-
lyzed without transformation. Time and time-by-parity
least squares means (LSM) and standard errors of the
means are reported for lymphocyte and monocyte GR
expression (log MFI), cortisol (micrograms per decili-
ter), and leukocyte, lymphocyte, and monocyte counts
(number of cells per milliliter). The correlation proce-
dure of SAS (35) was used to determine associations
between lymphocyte and monocyte GR expression and
blood cortisol concentrations, leukocyte, lymphocyte,
and monocyte counts. All available data from control
and test cows are reported. Statistical significance was
considered at P ≤ 0.05.

RESULTS

GR Expression in Bovine Mononuclear Leukocytes

Fluorescence staining of lymphocytes and monocytes
indicated that, on average, monocytes had approxi-
mately twice the GR expression of lymphocytes (Figure
lc). The MFI values represented the geometric mean of
the FITC intensity peaks for each leukocyte type (as
indicated by the mean channel fluorescence on the X-
axis in Figure 1c) contained in 5000 total leukocytes
counted from each blood sample. Studies in humans
also demonstrated twice as many GR molecules in
monocytes as in lymphocytes (10, 20, 37, 38).
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GR Expression in Lymphocytes
of Periparturient Cows

Fluorescence histograms from multiple peripartur-
ient blood samples for one test animal (Figure 2) demon-
strate shifts to the left of the 0- (calving) and the 24-h
histograms relative to the precalving (–21 d) histogram,
as well as incomplete recovery of the GR expression
peak by 7 d postcalving. Parturition induced dramatic
and chronic GR down-regulation in circulating lympho-
cytes from this animal. Similarly, MFI of all lympho-
cytes from periparturient test animals at calving were
lower than precalving MFI. Analysis of variance of lym-
phocyte GR expression revealed significant effects of
time, calendar week, and the parity-by-time interaction
(Table 1). As demonstrated by the time LSM in Figure
3a, parturition caused a significant reduction (P <
0.0001) in FITC-dexamethasone staining in lympho-
cytes, which started during the week prior to calving.
In Figure 3, time relative to parturition on the X-axis
is reported in days to provide accuracy in data spacing
over time, therefore, 12 h equals 0.5 d. When converted
back to the original unit of measurement (MFI), lym-
phocytes from test animals at calving had a mean 42%
reduction (P < 0.0001) in GR expression relative to the
mean GR expression in lymphocytes from control ani-
mals. The reduction in lymphocyte GR expression per-
sisted to 24 h (P < 0.0001) and remained significantly
lower (P < 0.05) than control GR values throughout the
remaining 14-d postcalving period (Figure 3a). When
compared with precalving values (mean of –28, –21, –
14, and –7 d) of the test animals themselves, GR expres-
sion was reduced by 67% at calving.

GR Expression in Monocytes of Periparturient Cows

Analysis of variance of monocyte GR expression re-
vealed significant effects of time, calendar week, and
the parity-by-time interaction (Table 1). Time LSM in
Figure 3b demonstrated that parturition caused a sig-
nificant reduction (P < 0.0001) in monocyte GR expres-
sion. By calving, monocyte GR down-regulation (MFI)
reached a nadir that was 47% lower (P < 0.0001) than
GR expression in monocytes of control animals and 54%
lower (P < 0.0001) than the precalving mean (–28, –
21, –14, and –7 d) GR expression in the test cows. Sig-
nificant (P < 0.0001) down-regulation of monocyte GR
expression persisted to 24 h postcalving and remained
lower (P < 0.05) than control GR values throughout the
remaining 14 d of the study.

Blood Cortisol Concentrations

The main effect of time relative to parturition was
significant (P < 0.0001; Table 1) for blood cortisol con-
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Table 1. P values for terms in the mixed model analysis of variance of mononuclear leukocyte glucocorticoid
receptor (GR) expression, serum cortisol concentration, and total counts of lymphocytes and monocytes.

Mononuclear leukocyte Mononuclear leukocyte
GR expression counts

Cortisol
Monocytes Lymphocytes concentration Lymphocytes Monocytes

Model effect (log of MFI1) (log of MFI) (µg/dl) (# cells/ml) (# cells/ml)

Time 0.0001 0.0001 0.0001 0.5309 0.0099
Parity 0.3788 0.2894 0.1571 0.7235 0.0091
Calendar wk 0.0046 0.0001 0.7174 0.0001 0.0059
Parity × time 0.0023 0.0036 0.1435 0.3075 0.6196

1MFI = mean fluorescence intensity.

centrations. Time LSM for cortisol were increased
nearly sevenfold at calving (0 h) compared to control
and precalving means (Figure 3c), but the elevation
was short-lived and returned to basal concentrations by
24 h postcalving. Cortisol concentration was negatively

Figure 3. Time least squares means (± SEM) of lymphocyte gluco-
corticoid receptor (GR) expression (a), monocyte GR expression (b),
and serum cortisol concentrations (c) in periparturient test cows (open
symbols) and midgestation control cows (solid symbols). Parturition
occurred at time 0 h.
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correlated with lymphocyte GR expression (r = –0.213;
P < 0.05) and monocyte GR expression (r = –0.43; P <
0.05) overall.

Parity-by-Time Interaction Effects
on Mononuclear Leukocyte GR Expression

The parity-by-time interaction effect was significant
(Table 1) for the lymphocyte GR (P < 0.004; Figure 4a)

Figure 4. Parity-by-time least squares means (± SEM) of lympho-
cyte (a) and monocyte (b) glucocorticoid receptor (GR) expression in
primiparous test cows (x’ed squares), multiparous test cows (x’ed
circles), and midgestion control cows (solid symbols). Parturition oc-
curred at time 0 h.
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Figure 5. Time least squares means (± SEM) for total leukocyte
(solid squares), lymphocyte (solid circles), and monocyte counts (open
circles) in periparturient test cows (lines) and midgestation control
cows (single symbols). Parturition occurred at time 0 h.

and monocyte GR (P < 0.003; Figure 4b) expression data
sets. Parity-by-time LSM in Figure 4 demonstrated that
mononuclear leukocytes from primiparous cows had
earlier, more acute reductions in GR expression, fol-
lowed by more rapid increases in expression to 36 h
postcalving than leukocytes from multiparous cows.
Glucocorticoid receptor down-regulation was more
gradual and persistent in the multiparous cows.

Lymphocyte and Monocyte Counts

Significant time relative to parturition effects were
observed for monocyte counts (P < 0.01) but not for
lymphocyte counts (P > 0.53) (Table 1). Time LSM in
Figure 5 demonstrated that parturition increased the
total number of circulating leukocytes, which was asso-
ciated with neutrophilia at that time (30). Parturition
did not alter the number of circulating lymphocytes
and only modest elevations in monocyte counts were
observed 48 h postcalving (P < 0.03). In this study,
the main effect of calendar week was significant for
lymphocyte and monocyte counts (P < 0.001, P < 0.006;
Table 1). There was also a significant parity effect (P
< 0.01) on monocyte counts that resulted in multiparous
test cows having higher overall circulating monocyte
counts (5.2 × 106 cells/ml) on average that primiparous
test cows (3 × 106 cells/ml). No correlations existed (P
> 0.10) between GR expression or cortisol concentration
and mononuclear leukocyte counts.

DISCUSSION

It is difficult to manage dairy cows during the peripar-
tum period because of parturition-associated increases
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in metabolic disorders and infectious diseases, includ-
ing mastitis. The natural stress of calving normally
occurs several times in the productive lifetime of a par-
ticular cow, and with each parity the incidence and
severity of disorders increases (7, 14). Also, parturition
is associated with dysfunction of most leukocytes in-
cluding altered expression of key proteins involved in
trafficking, migration, antigen presentation, and acti-
vation (4, 5, 9, 16, 17, 18, 19, 24). The exact mechanisms
by which leukocyte functions are altered around partu-
rition are unknown. The findings of this study provide
preliminary data that begin to support a potential role
for GR regulation in periparturient immunosuppres-
sion related to leukocyte dysfunction and disease sus-
ceptibility. The observed reductions in lymphocyte and
monocyte GR expression at calving in this study, and
negative correlations between mononuclear cell GR ex-
pression and blood cortisol concentration, suggest that
cortisol-activated GR might be involved in altered gene
transcription in these cells around parturition.

Glucocorticoid receptor down-regulation observed for
bovine mononuclear leukocytes in this study started in
the week prior to calving. As demonstrated in Figure
4a and b, most of this decline in GR was attributed to
mononuclear leukocytes of the primiparous cows and
occurred slightly before increases in blood cortisol were
detectable (Figure 3). Therefore, it is possible that other
reproductive or nutrient partitioning hormones (or
both) can precipitate GR down regulation in bovine leu-
kocytes of primiparous cows. Although this possibility
requires substantiation, reductions in mean FITC MFI
on –7 d relative to –28, –21, and –14 d for all cows were
modest and were not statistically different from the
mean values for control cows. Therefore, virtually all
of the detected “parturition effects” (i.e., parturient vs.
control cows) on mononuclear leukocyte GR expression
began at the 0-h sample in this study, most likely in
association with the sevenfold increase in blood cortisol.

Literature on GR regulation in species other than
cattle offers several explanations for the parturition-
induced GR down-regulation observed in the present
study. Receptor degradation following GC activation of
GR partly explains homologous down-regulation of the
receptor protein in many human cells, including lym-
phocytes (2, 26). If degradation of the GR protein oc-
curred in response to elevated cortisol in the current
study, fewer GR molecules would have been available
to bind with FITC-dexamethasone and could have re-
sulted in the reduced FITC MFI values. In fact, it ap-
pears that homologous GR down-regulation occurs at
many levels in all GC-sensitive tissues studied so far
in humans and rodents (11, 37, 38). Therefore, it is not
unreasonable to speculate that the GR down-regulation
observed bovine mononuclear cells in this study was
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also caused by homologous down-regulation in response
to cortisol secretion around calving. In addition to GR
protein degradation, literature on humans cites clear
evidence that the rate of GR gene transcription is re-
duced by GC-activated GR, leading to 30 to 80% reduc-
tions in GR mRNA abundance that readily explain re-
ductions in receptor protein abundance (2, 27, 29, 31).
The possibility that this also occurs in mononuclear
leukocytes of periparturient cows is currently being ex-
plored in our laboratory to explain the observed reduc-
tions in FITC-dexamethasone binding, presumably in-
dicating homologous GR down-regulation. All of these
possibilities have implications for GR being involved
in both its own autoregulation and the transcriptional
regulation of other molecules in bovine lymphocytes
and monocytes that are critical for effective immune
responses. These possibilities should be explored in per-
iparturient dairy cows as a means of explaining disease
susceptibility around calving.

Studies with periparturient dairy cows and cattle
treated with dexamethasone have documented that leu-
kocyte functions and phenotypes are dramatically al-
tered when blood GC concentrations are high (5, 16,
17, 18). For example, parturition impairs neutrophil
phagocytic functions (6, 23, 32) and expression of the
CD62L adhesion molecule (19), both of which facilitate
important protective roles of neutrophils when the
mammary gland becomes infected with mastitis-caus-
ing bacteria. It is not surprising then, that the peripart-
urient period is one of high mastitis susceptibility (28).
Decreased neutrophil CD62L expression and increased
mastitis susceptibility are also observed when cattle
are injected with dexamethasone (3, 5). Indeed, mastitis
susceptibility is a general phenomenon of dexametha-
sone-treated cows (21, 43). Dexamethasone also has
profound effects on mononuclear cells in cattle, includ-
ing inhibition of IFN-γ and IgM secretion (24) and de-
creased expression of MHC I and MHC II molecules
(4). Because dexamethasone binds with high affinity to
GR, these alterations in key leukocyte functions and
phenotypes imply that GR is involved in dysfunctions
of the bovine immune system during periods of GC
challenge. Our mononuclear leukocyte GR expression
and blood cortisol data suggest that parturition is one
of these periods in dairy cows.

Parity differences in this study showed that multipa-
rous animals had gradual but prolonged lymphocyte
and monocyte GR down-regulation when compared
with primiparous animals. Primiparous cows did not
develop metabolic disorders or mastitis, whereas more
than half of the multiparous cows did form some combi-
nation of these disorders. This outcome was not surpris-
ing because multiparous cows have higher incidences
of health problems associated with parturition than do
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primiparous cows (7, 14). Because of the small popula-
tion in this study, statistical analyses of health effects
on leukocyte GR expression were not attempted. How-
ever, exaggerated persistency of GR down-regulation in
multiparous test cows could indicate that mononuclear
leukocytes of these animals are more sensitive to partu-
rition-related increases in blood cortisol than cells from
primiparous animals. If GR regulation in peripheral
tissues, including leukocytes, is related to stress adap-
tation and leukocyte dysfunction this could facilitate
disease susceptibility. On the other hand, the stress of
overcoming parturition in conjunction with the pres-
ence of metabolic disorders could have resulted in pro-
longed reduction of lymphocyte and monocyte GR ex-
pression in multiparous cows. Another related possibil-
ity is that higher milk production demands of
multiparous versus primiparous cows could have
stressed homeostasis to a larger degree, resulting in
exaggerated GR down-regulation, even in the face of
normal cortisol concentrations beyond 24 h into lacta-
tion. Certainly, the effects of other reproductive and
nutrient partitioning hormones, and of disease on leu-
kocyte GR expression, function, and phenotype war-
rants further investigation. In any case, the degree of
lymphocyte and monocyte GR down-regulation follow-
ing parturition may be a better indicator of stress than
blood cortisol concentrations and offers a possible expla-
nation for the higher incidence of metabolic disorders
and mastitis susceptibility in multiparous versus pri-
miparous periparturient dairy cows. These possibilities
require substantiation through experiments designed
specifically to assess the role of GR down-regulation in
gene expression (phenotype) and functional capacity
of leukocytes, and in peripheral tissue sensitivity to
homeostatic and homeorhetic hormones in peripartur-
ient dairy cows.

CONCLUSIONS

The present study demonstrated glucocorticoid recep-
tor down-regulation in bovine peripheral blood lympho-
cytes and monocytes at parturition in association with
elevated maternal blood cortisol concentrations. Ob-
served glucocorticoid receptor down-regulation has po-
tential implications regarding possible mechanisms
regulating immunocompetence and disease susceptibil-
ity around parturition, especially in multiparous cows.
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